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DATA-HANDLING CONSIDERATIONS FOR ADVANCED 

HIGH-RESOLUTION MULTISPECTRAL SCANNERS 

By Sidney L. Whitley 

Lyndon B. Johnson Space Center  


SUMMARY 

Between 1980 and 1990, spaceborne m u l t i s p e c t r a l  scanners  w i l l  probably 
be  r equ i r ed  t o  have r e s o l u t i o n  c e l l  s i z e s  as s m a l l  as 10 meters, as many as 
10 channels ,  and swaths  as wide as 185.2 k i lome te r s  (100 n a u t i c a l  m i l e s ) .  
The d a t a  produced by t h e s e  m u l t i s p e c t r a l  scanners  may be  t r ansmi t t ed  t o  Ear th  
i n  rea l  t i m e ,  recorded and r e t a i n e d  onboard t h e  s p a c e c r a f t ,  o r  recorded f o r  
subsequent t ransmiss ion .  R e a l - t i m e  t ransmiss ion  of t h e  d a t a  w i l l  r e q u i r e  
e x t e n s i v e  development of t ransmiss ion  and r e c e i v i n g  equipment. Onboard 
record ing  of d a t a  du r ing  manned space f l i g h t s  appears  t o  p re sen t  fewer 
developmental  problems. Data-handling problems f o r  advanced m u l t i s p e c t r a l  
scanners  can be  g r e a t l y  reduced by us ing  data-compression techniques.  

Data from a 30-meter ins tan taneous  f i e l d  of view, 10-band scanner  wi th  
185.2-kilometer (100 n a u t i c a l  mi le )  swaths may be recorded onboard t h e  
manned s p a c e c r a f t  o r  t r ansmi t t ed  from s a t e l l i t e s  w i t h  c u r r e n t  s ta te-of- the-
a r t  equipment. However, s i m i l a r  m u l t i s p e c t r a l  scanners  w i th  a 10-meter 
i n s t an taneous  f i e l d  of  view w i l l  p r e sen t  a cha l l enge  dur ing  t h e  1980's.  
Add i t iona l  r e sea rch  i s  needed i n  t h e  areas of q u a n t i t a t i v e  d a t a  band s e l e c t i o n ,  
t a p e  r e c o r d e r s ,  d a t a  compression, swath-width s e l e c t a b i l i t y ,  and data-
p rocess ing  procedures  and systems. 

I N T R O D U C T I O N  

Background 

The r e l a t i v e l y  new f i e l d  of remote sens ing  h a s  been recognized f o r  i t s  
p o t e n t i a l  by numerous s c i e n c e s  and d i s c i p l i n e s .  One remote senso r ,  t h e  
m u l t i s p e c t r a l  scanner ,  has  had a very g r e a t  e f f e c t  and appears  t o  hold much 
p o t e n t i a l  f o r  f u t u r e  a p p l i c a t i o n .  M u l t i s p e c t r a l  scanner  technology i s  growing 
r a p i d l y .  Considerable  p rogres s  has  been made i n  d e t e c t o r  s e n s i t i v i t y ,  s p e c t r a l  
s e l e c t a b i l i t y ,  mechanical arrangement of components, data-sampling techniques ,  
data-encoding techniques ,  data-recording techniques ,  t ransmiss ion  techniques ,  
and data-processing techniques .  Ex i s t ing  m u l t i s p e c t r a l  scanners ,  such as those  
used on Landsat  ( formerly t h e  Ea r th  resources  technology s a t e l l i t e  (ERTS)) 
and on a i r c r a f t ,  l e d  t o  t h e  emergence of  a l a r g e  community of m u l t i s p e c t r a l  



d a t a  users .  These u s e r s  have developed and demonstrated numerous a p p l i c a t i o n s  
of remotely sensed da ta .  

During t h e  nex t  few y e a r s  ( i n  the  1 9 8 0 ' ~ ) ~many advanced h igh - re so lu t ion  
m u l t i s p e c t r a l  scanners  w i l l  be  proposed f o r  manned and unmanned s p a c e c r a f t  
missions.  The u s e r s  may d e s i r e ,  i f  n o t  r e q u i r e ,  i n s t an taneous  f i e l d s  of v i e w  
as s m a l l  as 10 meters and scanner  swath widths  of a t  least  185.2 k i l o m e t e r s  
(100 n a u t i c a l  miles). 

Object ive t 

The purpose of t h i s  r e p o r t  i s  t o  d e s c r i b e  the r e s u l t s  of an i n v e s t i g a t i o n  
t o  determine t h e  scope of t h e  data-handling problems imposed by advanced 
high-resolut ion m u l t i s p e c t r a l  scanners .  The s p e c i f i c  q u e s t i o n s  addressed i n  
t h i s  s tudy  are as follows. 

1. What are t h e  p o t e n t i a l  con f igu ra t ions  of m u l t i s p e c t r a l  s canne r s  
f o r  1980-90? What in s t an taneous  f i e l d s  of v i e w ,  number of channels ,  
data-recording p r e c i s i o n s ,  and scanner  swath widths  are l i k e l y  t o  be 
r equ i r ed?  

2. What p o t e n t i a l  d a t a  b i t  rates can t h e  v a r i o u s  m u l t i s p e c t r a l  scanner 
conf igu ra t ions  produce? 

3. What i s  the  c u r r e n t  s t a t e  of t h e  a r t  i n  onboard p u l s e  code modulation 
(PCM) d a t a  recording? 

4 .  What w i l l  t h e  probable  onboard data-recording rate be by 1980-90? 

5. What i s  t h e  maximum d a t a  t ransmission rate a t  c u r r e n t  r e c e i v e r  
c a p a b i l i t y ,  and what would b e  t h e  e f f e c t  of h igh - re so lu t ion  scanne r s  on t h e  
e x i s t i n g  data-receiving network? 

6. How w e l l  could e x i s t i n g  and advanced data-processing and a n a l y s i s  
systems handle t h e  h igh - re so lu t ion  d a t a ?  

7. What-are t h e  c o s t s  of c l a s s i f y i n g  high-resolut ion m u l t i s p e c t r a l  d a t a  
us ing  s e l e c t e d  automated d a t a  systems? 

8. What areas of r e s e a r c h  must be pursued t o  handle  advanced 
m u l t i s p e c t r a l  scanner system d a t a  adequately? 

eApp roach 

The approach used f o r  t h i s  s tudy w a s  t o  d e f i n e  the  probable  scanner  
conf igu ra t ions  i n  t e r m s  of i n s t an taneous  f i e l d  of view ( I F O V ) ,  number of 
channels ,  swath width,  and data-recording p rec i s ion .  Data b i t  rates w e r e  
c a l c u l a t e d  f o r  t he  v a r i o u s  scanner  conf igu ra t ions .  These b i t  rates w e r e  
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evaluated to determine the feasibility of recording the data with the existing 

equipment and the feasibility of transmitting and receiving the data at a 

ground receiving station. 


Various alternatives were studied to determine whether the data should 

be recorded or transmitted in the original density or whether they should be 

compressed before recording or transmitting. The problems associated with 

ground data handling were also considered to determine whether the existing 

techniques were adequate for processing and analyzing multispectral scanner 

data. Costs of classifying a 185.2-kilometer-square (100 nautical mile square) 

using selected current data-processing techniques were projected. 


SCANNER CHARACTERISTICS 


Because several configurations may be considered for spaceborne advanced 

multispectral scanners, a range of instantaneous fields of view, of numbers of 

channels, and of swath widths was examined. 


Scanner Instantaneous Field of View 


Generally, very high resolution surveys are conducted over small rapidly 

changing areas. The most frequently mentioned instantaneous fields of view 

(resolution cell on the Earth's surface) for advanced multispectral scanners 

are those measuring 10 to 30 meters. Scanner systems with an IFOV of LO, 15, 

20, and 30 meters are considered so that data will be readily available if a 

trade-off becomes necessary. 


Scanner Swath Width 


Unlike the Landsat scanner, high-resolution scanners may not be required 

to cover the full 185.2-kilometer (100 nautical mile) swath; therefore, swath 

widths of 46.3, 92.6, 138.9, and 185.2 kilometers (25, 50, 75, and 100 nautical 

miles) were included in this study. 


Scanner Channel Assignments 


Numerous.studies have been conducted to provide information for the 
selection of multispectral scanner bands for the Earth observations satellite. 
No quantitative approach exists for determining the best selection of data 
bands for a multispectral scanner system. The techniques currently used 
produce atypical choices of data bands. It is likely that a quantitative 
method for channel selection could be developed over a 3- to 5-year period. 
This length of time is required because data should be considered throughout 
the visible, near-infrared, intermediate-infrared, and thermal-infrared 
portions of the electromagnetic spectrum for materials to be identified by 
the scanner data. Real data sets should be used in the band-selection study 
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r a t h e r  than d i s c r e t e  master ( t y p i c a l )  s i g n a t u r e s .  Experience has  shown t h a t  
utlique s p e c t r a l  s i g n a t u r e s  do n o t  e x i s t  f o r  a g iven  material b u t  t h a t  t h e  
s i g n a t u r e s  under v a r i o u s  cond i t ions  produce a family of s i g n a t u r e s .  To 
determine whether v a r i o u s  s u r f a c e  materials are d i s t i n g u i s h a b l e  by s p e c t r a l -
p a t t e r n  r ecogn i t ion ,  t h e  v a r i a t i o n s  i n  s i g n a t u r e s  'must be considered,  and those  
bands t h a t  p rov ide  t h e  g r e a t e s t  s e p a r a b i l i t y  by s p e c t r a l - p a t t e r n  r e c o g n i t i o n  
o r  by o t h e r  c l a s s i f i c a t i o n  techniques must be i d e n t i f i e d .  

Number o f  Bands 

The number of m u l t i s p e c t r a l  scanner  d a t a  bands r e q u i r e d  t o  produce a 
reasonably a c c u r a t e  s u r f a c e  c l a s s i f i c a t i o n  map is f a i r l y  s m a l l .  A few w e l l -
chosen d a t a  bands g e n e r a l l y  produce c l a s s i f i c a t i o n  maps wi th  almost as much 
accuracy as a l a r g e  number of d a t a  bands. Coggeshall  and Hoffer ( r e f .  1 )  
r epor t ed  t h a t ,  f o r  a set of m u l t i s p e c t r a l  scanner  d a t a  c o l l e c t e d  over  a 
f o r e s t  area, c e r t a i n  c l a s s i f i c a t i o n  a c c u r a c i e s  w e r e  p o s s i b l e  wi th  s e l e c t e d  
d a t a  bands ( t a b l e  I ) .  

TABLE I.- CLASSIFICATION ACCURACY 

COMPARED TO NUMBER OF CHANNELS 

USED I N  SPECTRAL-PATTERN-

RECOGNITION ANALYSIS 

Band no. Overa l l  
accuracy, p e r c e n t  

-	 ._ 

1 44.0 

2 80.5 

3 87.1 

4 89.3 

90.8 

92.4 

93.7 

10 94.7 

12 95.1 

? 

'I.'1 

. ,  

-~­ ~ 
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ISach s e t  of bands iised by Co,l;r:c>shall and fIoffcr was t h e  b e s t  subset  of 
data bands, RS determined by a divergence computation. ‘me values  presented i n  
t a b l e  I are t y p i c a l  and have been observed i n  o t h e r  analyses .  

The scanner  d a t a  should be d i g i t i z e d  such t h a t  one % b i t  d a t a  word i s  ac­
qu i r ed  i n  each d a t a  band f o r  each ground r e s o l u t i o n  c e l l  ( I F O V )  across  t h e  
swath. Samples should be c o l l e c t e d  simultaneously i n  all bands so t h a t  t h e  
d a t a  w i l l  b e  p e r f e c t l y  r e g i s t e r e d .  

Also, an a p p r o p r i a t e  number of  readings should be d i g i t i z e d  as t h e  scanner 
views i t s  c a l i b r a t i o n  sources .  Overhead information,  such as a synchronizat ion 
p a t t e r n ,  i s  r e q u i r e d  t o  i n d i c a t e  t h e  beginning of a scan l i n e  or d a t a  frame. 
For scanners  producing numerous ground r e s o l u t i o n  c e l l s  pe r  scan l i n e ,  s e v e r a l  
sub!’rame synchronizat ion p a t t e r n s  should be included so  t h a t  r e i n i t i a l i z a t i o n  
can be achieved i f  synchron iza t ion  i s  l o s t .  Add i t iona l ly ,  i t  i s  adv i sab le  t o  
inc lude  some preamble b i t s  t o  assist ground processing systems i n  l o c a t i n g  t h e  
s t a r t  of t h e  frame. 

It i s  d i f f i c u l t  t o  j u s t i f y  t h e  u s e  of nirnierous m u l t i s p e c t r a l  scanner d a t a  
b:uitis s o l e l y  by s u r f a c e - c l a s s i f i c a t i o n  accuracy, because t h e  i n c r e a s e  i n  accu­
racy i s  non l inea r  w i th  r e s p e c t  t o  t h e  number of bands used. Four well-chosen 
b:triIis may b e  used t o  produce a c l a s s i f i c a t i o n  map almost as accu ra t e  as one 
pl-olluced with 12 bands .  Iiowcver, it i s  d e s i r a b l e  t o  have more than t h e  m i n i m u m  
riind)er of d a t a  bands a v a i l a b l e  so t h a t  t h e  optimum bands can be chosen (by 
mat!icmatical c a l c u l a t i o n )  f o r  p repa ra t ion  of a s u r f a c e - c l a s s i f i c a t i o n  map and 
f o r  o the r  products  t h a t  may be der ived from them. The b e s t  esti-mate i s  t h a t  

7a p ~ i ~ ~ o x i m a t e l yt o  1 0  data  bands w i l l  prove adequate f o r  m u l t i s p e c t r a l  scanners  
t o  be flown i n  t h e  1980-90 missions.  

DATA HANDLING 

Most m u l t i s p e c t r a l  scanners  a r e  designed such t h a t  a mi r ro r  t r a v e r s e s  t h e  
eroL:ld scene a t  t h e  n a d i r  of t h e  da t a -co l l ec t ion  p l a t fo rm,  normal t o  t h e  d i r ec ­
t io: i  o f  f l i g h t .  A s  t h e  mi r ro r  t r a v e r s e s  t h e  e;round scene,  it g a t h e r s  energy 
I’r(x~ia wide s p e c t r a l  range w i t h i n  a well-defined s u r f a c e  a r e a  t h a t  i s  f r e q u e n t l y  
c a l l e d  a ground r e s o l u t i o n  c e l l .  The dimensions o f  t h e  ground r e s o l u t i o n  c e l l  
c:ui b e ,  f o r  example, 1 0  by 10  meters.  A s  t h e  scanner mi r ro r  r o t a t e s ,  it i s  
ciir t ,cted toward t h e  ground scene f o r  some de f ined  swath width,  u s u a l l y  expressed 
i n  cic’grees o f  angular  excursion t o  e i t h e r  s i d e  of t h e  platform n a d i r  or i n  
k i l l : , i e te rs  ( n a u t i c a l  m i l e s )  of ground-surface coverage centered along t h e  f l i g h t -
path.  Because t h e  scanner  observes t h e  ground scene f o r  only a s m a l l  p o r t i o n  
of a complete r e v o l u t i o n  of t h e  scanner mi r ro r ,  cons ide rab le  “dead t i m e ’ ’  i s  
experienced during which t h e  m i r r o r  i s  o u t s i d e  t h e  a c t i v e  d a t a - c o l l e c t i o n  por­
t i o n  of t h e  scan. During t h i s  dead t ime,  it i s  advantageous t o  view c a l i b r a t i o n  
soLwces through t h e  c o l l e c t i n g  o p t i c s  of t h e  scanner.  A t  a l l  o t h e r  t imes i n  a 
mi r ro r  r e v o l u t i o n ,  t h e  scanner w i l l  c o l l e c t  information t h a t  i s  of no i n t e r e s t  
t o  t h e  d a t a  user .  Sampling should be discont inued during dead t imes,  except f o r  
c a l i b r a t i o n .  Synchronization p a t t e r n s ,  c a l i b r a t i o n s ,  and preamble b i t s  w i l l  
o c c w  i n  v a r i a b l e - s i z e  groups o f  b i t s  producing v a r i a b l e  d a t a  b i t  rates 
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advantageous t o  view c a l i b r a t i o n  sources  through t h e  c o l l e c t i n g  o p t i c s  of t h e  
scanner.  A t  a l l  o t h e r  t i m e s  i n  a mi r ro r  r e v o l u t i o n ,  t h e  scanner  w i l l  c o l l e c t  
information t h a t  is  of no i n t e r e s t  t o  t h e  d a t a  user .  Sampling should be 
.discontinued du r ing  dead t i m e s ,  except  f o r  c a l i b r a t i o n .  

The scanner  d a t a  should be d i g i t i z e d  such t h a t  one 8-bi t  d a t a  word i s  
acquired i n  each d a t a  band f o r  each ground r e s o l u t i o n  c e l l  (IFOV) a c r o s s  t h e  
swath. Samples  should be c o l l e c t e d  simultaneously i n  a l l  bands so t h a t  t h e  
d a t a  w i l l  be  p e r f e c t l y  r e g i s t e r e d .  

Also, an  a p p r o p r i a t e  number of r ead ings  should be d i g i t i z e d  as t h e  scanner  
v i e w s  i t s  c a l i b r a t i o n  sources .  Overhead information,  such as a synchron iza t ion  
p a t t e r n ,  i s  r e q u i r e d  t o  i n d i c a t e  t h e  beginning of a scan  l i n e  o r  d a t a  f r a m e .  
For scanners  producing numerous ground r e s o l u t i o n  cel ls  p e r  scan l i n e ,  several 
subframe synchron iza t ion  p a t t e r n s  should be included s o  t h a t  r e i n i t i a l i z a t i o n  
can be achieved i f  synchron iza t ion  i s  l o s t .  Add i t iona l ly ,  i t  is  adv i sab le  t o  
inc lude  some preamble b i t s  t o  assist ground p rocess ing  systems i n  l o c a t i n g  t h e  
s t a r t  of t h e  frame. Synchronization p a t t e r n s ,  c a l i b r a t i o n s ,  and preamble b i t s  
w i l l  occur i n  v a r i a b l e - s i z e  groups of b i t s  producing v a r i a b l e  d a t a  b i t  rates 

Each s e t  of bands used by Coggeshall and Hoffer w a s  t h e  b e s t  s u b s e t  of 
d a t a  bands, as determined by a divergence computation. The va lues  p re sen ted  
i n  t a b l e  I are t y p i c a l  and have been observed i n  o t h e r  analyses .  

It i s  d i f f i c u l t  t o  j u s t i f y  t h e  use of numerous m u l t i s p e c t r a l  scanner 
d a t a  bands s o l e l y  by s u r f a c e - c l a s s i f i c a t i o n  accuracy, because t h e  i n c r e a s e  
i n  accuracy i s  non l inea r  w i t h  r e s p e c t  t o  t h e  number of bands used. Four 
well-chosen bands may b e  used t o  produce a c l a s s i f i c a t i o n  map almost as 
a c c u r a t e  as one produced w i t h  1 2  bands; However, i t  is d e s i r a b l e  t o  have more 
than  t h e  minimum number of d a t a  bands a v a i l a b l e  so t h a t  t h e  optimum bands can 
be chosen (by mathematical  c a l c u l a t i o n )  f o r  p r e p a r a t i o n  o f , a  surface-
c l a s s i f i c a t i o n  map and f o r  o t h e r  products  t h a t  may be de r ived  from them. The 
b e s t  estimate i s  t h a t  approximately 7 t o  10 d a t a  bands w i l l  prove adequate f o r  
m u l t i s p e c t r a l  s canne r s  t o  be flown i n  t h e  1980-90 missions.  

DATA HANDLING 

Most m u l t i s p e e t r a l  s canne r s  are designed such t h a t  a mi r ro r  t r a v e r s e s  
t h e  ground scene  a t  t h e  n a d i r  of  t h e  d a t a - c o l l e c t i o n  p l a t fo rm,  normal t o  t h e  
d i r e c t i o n  of f l i g h t .  A s  t h e  m i r r o r  t r a v e r s e s  t h e  ground scene,  i t  g a t h e r s  
energy from a wide s p e c t r a l  range w i t h i n  a well-defined s u r f a c e  area t h a t  i s  
f r e q u e n t l y  c a l l e d  a ground r e s o l u t i o n  ce l l .  The dimensions of t h e  ground 
r e s o l u t i o n  c e l l  can be,  f o r  example, 10 by 10  meters. A s  t h e  scanner  m i r r o r  
r o t a t e s ,  i t  i s  d i r e c t e d  toward t h e  ground scene f o r  some def ined swath width,  
u s u a l l y  expressed i n  degrees  of angu la r  excursion t o  e i t h e r - s i d e  of t h e  
p l a t fo rm n a d i r  o r  i n  k i lome te r s  ( n a u t i c a l  m i l e s )  of 
cen te red  along t h e  f l i g h t p a t h .  Because t h e  scanner  
f o r  on ly  a small p o r t i o n  of a complete r e v o l u t i o n  of 
cons ide rab le  "dead t i m e "  is  experienced du r ing  which 
a c t i v e  d a t a - c o l l e c t i o n  p o r t i o n  of t h e  scan. During 

ground-surface coverage 
observes  t h e  ground.scene 

t h e  scanner  mi r ro r ,  
t h e  mi r ro r  is  o u t s i d e  t h e  

t h i s  dead t i m e ,  i t  i s  



(e.g. ,  no d a t a  are c o l l e c t e d  during dead t i m e s ) .  The d a t a  should be t i m e -
bu f fe red  so t h a t  a continuous stream of d a t a  b i t s  i s  produced a t  a much reduced 
d a t a  rate. The time-buffered d a t a  are recorded on t a p e  o r  te lemetered t o  
ground r e c e i v i n g  s t a t i o n s .  

B i t  R a t e s  Produced by Se lec t ed  Sanner Configurat ions 

Data b i t  rates w e r e  c a l c u l a t e d  f o r  t h e  v a r i o u s  c o n f i g u r a t i o n s  of 
m u l t i s p e c t r a l  scanners  descr ibed previously.  It w a s  assumed f o r  t h e s e  
c a l c u l a t i o n s  t h a t  a l l  d a t a  had been t ime-buffered, as desc r ibed  p rev ious ly .  
It w a s  a l s o  assumed t h a t  t he  groundspeed would be 7.4 km/sec ( 4  n. mi . /sec)  
and t h a t  a l l  d a t a  would b e  d i g i t i z e d  t o  8-bi t  p r e c i s i o n .  The d a t a  b i t  rates 
inc lude  t h e  active da ta -co l l ec t ion  p o r t i o n  of t h e  scan,  c a l i b r a t i o n  samples, 
synchron iza t ion  p a t t e r n s ,  subframe synchron iza t ion  p a t t e r n s ,  and preamble 
b i t s  t o  a i d  ground-stat ion equipment i n  decoding t h e  d a t a .  The r e s u l t i n g  
d a t a  b i t  rates are p resen ted  i n  t a b l e  11. 

TABLE 11.- DATA BIT RATES PRODUCED BY SELECTED SCANNERS~ 

IFOV. m 

I
I 

10-channel swath width, 7-channel swath width, 5-channel swath width, 
km (n.  mi . )  km (n. mi . )  km (n .  mi . )  

. -

138.9 185.2 92.6 46.3 
(75) (100) (50) (25) 

828 772 276 138 

368 343 [123] 62 

208 194 [70] 35 

B i t  r a t e ,  megabits / sec  

[931 [861 [31]  16 

aBracketed e n t r i e s  a r e  w i t h i n  current tape-recording s tate-of - the-art  c a p a h i l i t i e s .  

Onboard Data Recording 

The d a t a  produced by m u l t i s p e c t r a l  scanners  on manned s p a c e c r a f t ,  such 
as t h e  Space S h u t t l e ,  should probably be recorded onboard us ing  d i r e c t  
r eco rd ing  techniques i n  cases i n  which the  d a t a  are no t  r equ i r ed  immediately. 
The d a t a  tapes recorded onboard the s p a c e c r a f t  could be r e tu rned  t o  Ea r th  a s  
on convent ional  a i r c r a f t  missions.  

Current tape-recording state of t he  a r t  can maintain reasonable  r eco rd ing  

and playback accuracy (1 b i t  e r r o r  i n  1 08) a t  a m a x i m u m  of 13 000 b i t s /  
cm/tape t r a c k  (33  000 b i t s / i n / t a p e  t r a c k )  i n  biphase l e v e l  o r  extended 
nonreturn-to-zero (NRZ) PCM format,  with 42 t r a c k s  on a 2.54-centimeter-wide 
(1 inch  wide) tape (the p re sen t  c a p a b i l i t y  of one commercial magnetic t a p e  
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system). This recording capability translates to a bit rate of 166.32 
megabits/sec for 3.05 m/sec (120 in/sec) tape-movement speed. Clearly, state-
of-the-art tape recording is inadequate for multispectral scanners with 10-meter 
IFOV'S, 10 channels, and a 185.2-kilometer (100 nautical mile) swath width. 
Improvement by a factor of 7 over present capability would be required to 
record data from this worst-case scanner configuration. 

The rates in table I1 vary from 1103 megabits/sec for a 10-meter IFOV, 

10-channel, 185.2-kilometer (100 nautical mile) swath-width scanner to 16 

megabits/sec for a 30-meter IFOV, 5-channel, 46.3-kilometer (25 nautical mile) 

swath-width scanner. 


The data in table I1 indicate that several scanner configurations are 

within the capabilities of current recording technology. For instance, the 

30-meter IFOV, 10-channel, 185.2-kilometer (100 nautical mile) swath-width 

scanner produces a bit rate of 123 megabits/sec, which is within present 

tape-recording capability. Also, the 20-meter IFOV, 5-channel, 185.2-kilometer 

(100 nautical mile) swath-width scanner produces a bit rate of 139 megabits/ 
sec, which is also within the present tape-recording capability of 166.32 
megabits/sec. Bracketed entries in each column of table I1 sre within current 
tape-recording capability. 

The data bit rate produced by the Landsat-A and Landsat-B multispectral 
scanner is 15.06 megabits/sec, and the bit rate for the Skylab S192 multi­
spectral scanner was 23.30 megabits/sec. Discussions with representatives of 
tape-recording manufacturers indicate that it is reasonable to expect an 
improvement (by a factor of 2.4) in tape-recording capabilities by 1980 or 
1982 to a data bit rate of approximately 400 megabits/sec. This enhanced 
capability will depend on improvement of tape-recording and tape-reading 
technology and, possibly, on improvement of tape-movement speed. An examination 
of the data rates in table I1 reveals that several scanner configurations 
exceed even the tape-recording capability projected for 1980-82. For instance, 
the 15-meter IFOV, 10-channel, 185.2-kilometer (100 nautical mile) swath-width 
scanner exceeds the projected 400-megabit/sec rate by 90 megabits/sec. 

Data Transmission 


Data transmission will be a requirement for unmanned satellites and may 
be considered for certain applications in manned spacecraft. In the worst-
case scanner'configuration (10-meter, 10 channels, 185.2-kilometer (100 
nautical mile) swath width), the data bit rate is 1103 megabits/sec. This 
rate exceeds the capability of the existing space tracking and data acquisition 
network (STDN) and the tracking and data relay satellite system (TDRSS) planned 
for 1980. 

Examination of the STDN downlink capabilities indicates a data-transmission 

rate of 128 kilobits/sec for one link and 256 kilobits/sec for another link. 

Data dump capability is 1.02 megabits/sec (time shared with other downlinks). 
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The d a t a  given i n  t a b l e  I1 i n d i c a t e  t h a t  a l l  scanner  conf igu ra t ions  exceed 
t h e  c u r r e n t  STDN c a p a b i l i t i e s .  These STDN d a t a  rates are candida tes  f o r  use 
i n  t h e  Space S h u t t l e  Program. 

The STDN r e c e i v i n g  equipment c o u l d , b e  mod i f i ed ’ to  accep t  t h e  1103­
megabi t l sec  rate,  b u t  t h e  p re sen t  bandwidth a l l o c a t i o n  would r e q u i r e  
r edes igna t ion  o r  combination o r  both.  E s t i m a t e s  f o r  such a mod i f i ca t ion  t o  
t h e  e n t i r e  STDN are approximately $2.6 t o  $3.1 mi l l i on .  

The TDRSS downlink i s  planned t o  have a c a p a b i l i t y  f o r  handl ing  a d a t a  
ra te  of 50 megabi ts /sec.  Table I1 i n d i c a t e s  t h a t  d a t a  from a f e w  of t h e  
scanner  conf igu ra t ions  (i.e.,  a 20-metery 7-channel, 46.3-kilometer (25 
n a u t i c a l  mi le )  swath-width scanner )  can be t r a n s m i t t e d  over  t h e  TDRSS downlink. 
Data compression w i l l  enab le  t ransmiss ion  of d a t a  from many scanner  
conf igu ra t ions  on t h e  TDRSS downlink. Data-compression techniques are 
d iscussed  i n  subsequent  paragraphs.  

It i s  t e c h n i c a l l y  p o s s i b l e  t o  t r ansmi t  d a t a  a t  1103 megabi t s / sec  and t o  
main ta in  an accep tab le  s ignal- to-noise  r a t i o ,  b u t  t h e  e x i s t i n g  and planned 
ground-based t r a c k i n g  and r ece iv ing  s t a t i o n s  would. r e q u i r e  e x t e n s i v e  and 
expensive mod i f i ca t ion  t o  r e c e i v e  t h i s  volfime of da t a .  An almost  i d e n t i c a l  
problem e x i s t s  i n  record ing  h igh  b i t  ra te  d a t a  onboard t h e  s p a c e c r a f t  o r  a t  
ground r ece iv ing  s t a t i o n s .  Onboard r eco rde r s  must be l i gh twe igh t  and r e l i a b l e ,  
use l i t t l e  power, and produce l i t t l e  h e a t ,  whereas ground-based record ing  
systems must be  capable  of r ece iv ing  a weaker and n o i s i e r  s i g n a l .  I n  e i t h e r  
case, many of t h e  data-recording rates presented  i n  t a b l e  I1 exceed t h e  b i t  
rates t h a t  can b e  recorded on a s i n g l e  magnetic tape.  It is s t r o n g l y  
recommended t h a t  s p l i t t i n g  t h e  d a t a  stream and record ing  i t  on two o r  more 
t a p e  r eco rde r s  be  avoided. A t  t h e  b i t  rates shown i n  t a b l e  11, i t  i s  
o p e r a t i o n a l l y  d i f f i c u l t  t o  remove t h e  skew i n  a s i n g l e  t a p e  when two record ing  
heads are used; t h e  problem would be  even more d i f f i c u l t ,  o r  perhaps 
impossible ,  i f  t h e  d a t a  w e r e  recorded on two o r  more t apes .  

Assessment of Onboard Recording and Transmission 

The d e c i s i o n  t o  record  o r  t r ansmi t  d a t a  from m u l t i s p e c t r a l  scanners  
should be  r e l a t e d  to ,  i f  n o t  determined by, t h e  in tended  a p p l i c a t i o n  of t h e  
da t a .  I f  t h e  d a t a  are u rgen t ly  needed t o  survey some dynamic cond i t ion ,  
they  should be  t r ansmi t t ed .  However, i f  t h e  d a t a  w i l l  be  used e x c l u s i v e l y  
f o r  s t u d i e s  i n  which t h e  d a t a  r e t u r n  d a t e  i s  n o t  ove r ly  c r i t i c a l ,  i t  i s  
a d v i s a b l e  t o  record t h e  d a t a  onboard t h e  s p a c e c r a f t .  

When d a t a  are recorded onboard t h e  s p a c e c r a f t ,  as opposed t o  be ing  
t r ansmi t t ed ,  t h e  recorded s i g n a l  h a s  a h igher  s ignal- to-noise  r a t i o  and i s  
less l i k e l y  t o  con ta in  n o i s e  than  t h e  t r ansmi t t ed  s i g n a l .  R e l i a b i l i t y  should 
be  somewhat h ighe r  because fewer components are involved i n  d a t a  handl ing;  
i .e . ,  no transmitter and no ground receiver are needed. A l s o ,  t h e  p o s i t i o n  
of  the s p a c e c r a f t  w i t h , r e s p e c t  t o  ground r ece iv ing  s t a t i o n s  i s  of  no concern. 
The onboard data-handling system w i l l  be  very  expensive because i t  must have 
h igh  r e l i a b i l i t y  and must o p e r a t e  i n  a more h o s t i l e  environment than  t h e  
ground-based r ece iv ing  s t a t i o n  (with t h e  except ion  o f  l o c a l l y  inclement  
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weather).  The f a c i l i t i e s  f o r  maintenance of the onboard d a t a  system w i l l  be 
much less e l a b o r a t e  than a t  ground r e c e i v i n g  s t a t i o n s ,  and thus  onboard 
maintenance c a p a b i l i t y  w i l l  be  more l imi t ed .  I n  some cases, i t  may be 
d e s i r a b l e  t o  tape record t h e  m u l t i s p e c t r a l  scanner d a t a  onboard t h e  s p a c e c r a f t  
i n  real t i m e .  Af t e r  t h e  d a t a - c o l l e c t i o n  per iod is  over,  and perhaps when the  
l i g h t i n g  cond i t ions  o r  groundtrack i s  u n s u i t a b l e  f o r  f u r t h e r  d a t a  c o l l e c t i o n ,  
t h e  d a t a  may be played back from t h e  onboard tape f o r  t ransmission t o  ground 
r e c e i v i n g  s t a t i o n s  a t  reduced d a t a  rates. A reduced playback ra te  could be 
chosen such t h a t  t h e  p r e s e n t  s t a t e -o f - the -a r t  f a c i l i t i e s  could be used f o r  
t ransmission,  r e c e i v i n g ,  and d a t a  recording. 

I f  t h e  d a t a  from h igh- re so lu t ion  advanced scanners  are t o  be t r a n s m i t t e d  
t o  E a r t h  i n  real  t i m e ,  t h e  ground r ece iv ing  equTpment may r e q u i r e  ex tens ive  
modif icat ion.  Whether t h e s e  mod i f i ca t ions  are r equ i r ed  w i l l  depend on t h e  
scanner  r e s o l u t i o n  used, on t h e  swath width r equ i r ed ,  and on whether t h e  d a t a  
can b e  compressed b e f o r e  t ransmission.  

Seve ra l  p o s i t i v e  and n e g a t i v e  a s p e c t s  of both onboard r eco rd ing  and d a t a  
t r ansmiss ion  must be considered.  A dec i s ion  as t o  the  data-handling approach 
must be made f o r  each a p p l i c a t i o n .  

DATA COMPRESSION 

Before s e r i o u s l y  cons ide r ing  the  a c t u a l  compression of d a t a ,  one should 
consider  whether t h e  f u l l  number of d a t a  bands i s  warranted. A s  shown i n  
t a b l e  I, t h e  improved accuracy achieved by the  a d d i t i o n  of d a t a  bands comes 
slowly and expensively i n  t e r m s  of sens'or complexity and d a t a  processing.  
Therefore ,  t h e  accuracy r equ i r ed  f o r  t h e  survey should be considered. 

S tud ie s  have shown t h a t  m u l t i s p e c t r a l  scanner d a t a  can be compressed. 
The d a t a  can be compressed s p e c t r a l l y  because of a s i g n i f i c a n t  degree of 
c o r r e l a t i o n  between bands o r  channels and s p a t i a l l y  because of t he  f r equen t  
s i m i l a r i t y  of ad jacen t  ground-resolution c e l l s .  

Crawford e t  a l .  ( r e f .  2 )  have shown t h a t  p r i n c i p a l  component a n a l y s i s  
and canon ica l  a n a l y s i s  could e f f e c t i v e l y  reduce the  d imens iona l i ty  of 
m u l t i s p e c t r a l  scanner  d a t a .  It w a s  'shown t h a t ,  when a 9-band s e t  of d a t a  
w a s  t r a n s l a t e d  by canon ica l  a n a l y s i s ,  t he  f i r s t  t h r e e  o r  f o u r  e igenvalues  
(dimensions i n  the  new b a s i s )  contained the  g r e a t e s t  s h a r e  of t h e  information 
con ten t ,  as shown i n  t a b l e  111. 

Some promising r e s e a r c h  work on t h e  compression of m u l t i s p e c t r a l  scanner  
d a t a  by p r i n c i p a l  component a n a l y s i s  is  descr ibed i n  r e f e r e n c e  3 .  This  work 
seems p a r t i c u l a r l y  a p p l i c a b l e  f o r  t h e  compression of advanced m u l t i s p e c t r a l  
scanner  d a t a  and i s  d i scussed  i n  the  fol lowing paragraphs.  

9 


t 



TABLE 111.- USE OF CANONICAL ANALYSIS FOR 

TRANSFORMATION TO REDUCE DIMENSIONALITY 


OF DATA 


Eigenvalue 


53.7 

2.2 

1.6 


1.4 


.8 


.7 

.6 


Approach to Data Compression 


Although several approaches can be used for multispectral s ner data 
compression, only one approach to spectral compression will be addressed; 
i.e., reduction of the dimensionality of the original set of multispectral 
scanner data. A data point describing a ground resolution element may be 
expressed as vector 

where N is the dimensionality of the original data, or the number of bands 
in the multispectral scanner. The data are then projected onto a new lower 
dimensional basis-(n < N) by the transformation z, 

N X - x )Y =(TN N  
I' 

9 

where U is defined as 
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I 

Here, E is the expectation operator, JJ is the mean vector of 5, and 
is the n x N matrix in which the n rows are the first n eigenvectors 
corresponding to the n largest eigenvalues of the covariance matrix 2 of X. 

N 

If C = E[ (z- 2) (& - R) t3 ,  then the n rows of z, are the n normalized 
solutions-of C V - hixi, where i = 1, 2 ,...n < N with A1> A  2> A  3>...>An and--.i 
V is a vector. The covarience matrix for 2 is given by 

The covariance matrix for Y is diagonal and the elements of the transformed 

N 

data vector are uncorrelated. Each Ai represents the variance of the ith 

element of Y. 

N 


The transformed data vector 2 is projected back on the original basis 

by transformation 	Tt. 
Iu 

A tX = T Y + U 
- N N  N 

A
where 5 represents the recovered data points in their original formats and 
are a good approximation of 5. 

Ready et al. (ref. 3) give a technique for approximating the mean square 
error of the transformation and inverse transformation described. They conclude 
that the mean square error is equal to the sum of N - n discarded A

i
I s .  For 

highly correlated data, the eigenvalues hi decrease rapidly and the error 


produced by discarding Xi' s  is small. 

When Ready et al. applied the transformations to a set of 12 bands (all in 
the visible portion of the spectrum) of multispectral scanner data, they found 
the eigenvalues shown in table IV. This set of eigenvalues suggests that the 
first three or four components of the coordinate system (basis) to which the 
data were transformed contain almost all the information of the original basis. 
The work of Ready et al. showed that 12 spectral bands from the visible part 
of the spectrum could be compressed into 4 spectral bands with a root mean 
square (nus) error of only 2 percent and with no discernible degradation in 
classification accuracy when classified by maximuplikelihood-ratio spectral­
pattern-recognition techniques. 
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TABLE 1V.- EIGENVALUES FOR DATA SETS 

TRANSFORMED BY PRINCIPAL COMPONENTS ANALYSIS 

Eigenvalue 

1760 

600 

1 2 5  

46 

25 

20 

18 

15  

1 4  

1 3  

12 

10 

The i r  work a l s o  showed t h a t  d a t a  compression could be achieved because 
of s p a t i a l  redundancy o r  s p a t i a l  c o r r e l a t i o n .  They desc r ibed  two approaches 
t o  s p a t i a l  compression and recommended one approach i n  which a 10:2 s p a t i a l  
compression wi th  a 2-precent r m s  e r r o r  w i t h  no d i s c e r n i b l e  degradat ion i n  
pa t t e rn - recogn i t ion  c l a s s i f i c a t i o n  accuracy could be achieved. 

It should be observed t h a t ,  because a l l  t h e  d a t a  bands used by Ready e t  a l .  
were i n  t h e  v i s i b l e  p a r t  of t h e  spectrum, g r e a t e r  c o r r e l a t i o n  i n  t h e  o r i g i n a l  
d a t a  b a s i s  and hence g r e a t e r  compression wi thou t  c l a s s i f i c a t i o n - a c c u r a c y  
degradat ion could be expected. The compression would probably have been less 
impressive i f  t h e  d a t a  had included v i s i b l e ,  nea r - in f r a red ,  intermediate-
i n f r a r e d ,  and thermal- infrared bands. 

The l i m i t  t o  which d a t a  can be compressed without  s i g n i f i c a n t  degradat ion 
of u se fu lness  i s  data-dependent and i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  s t a t i s t i c a l  
c o r r e l a t i o n  of t h e  da t a .  It i s  d i f f i c u l t  t o  e x t r a p o l a t e  t h e  r e s u l t s  obtained 
from v i s i b l e  d a t a  bands only t o  t h e  i n f r a r e d ,  i n t e rmed ia t e - in f r a red ,  and 
thermal- infrared bands. Add i t iona l  r e sea rch  on t h e  compression of 
m u l t i s p e c t r a l  scanner  d a t a  i s  r equ i r ed  t o  determine t h e  p r a c t i c a l i t y  of 
compression as a means of improving (reducing) d a t a  b i t  rates. 
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Compressed d a t a  b i t  rates have been c a l c u l a t e d  f o r  t h e  s e l e c t e d  scanner  
c o n f i g u r a t i o n s ,  as shown i n  t a b l e  V. Because t h e  l i m i t s  of d a t a  compression 
are n o t  known, t a b l e  V con ta ins  t h e  o r i g i n a l  d a t a  rates and t h e  corresponding 
10:5, 10:4, and 10:3 compression rates f o r  each of t h e  m u l t i s p e c t r a l  scanner  
c o n f i g u r a t i o n s  p re sen ted  i n  t a b l e  11. 

TABLE V.- COMPRESSED DATA B I T  RATES 

FOR D I F F E R E N T  I F O V  SCANNER CONFIGURATIONS 

Swath width, N o .  of Data rates, megabitslsec 
km (n. m i . )  channels 

185.2 

138.9 

92.6 

46.3 

185.2 

138.9 

92.6 

46.3 

185.2 

138.9 

92.6 

46.3 


185.2 (100) 

138.9 (75) 

92.6 (50) 

46.3 (25) 

185.2 (100)

138.9 (75) 

92.6 (50)

46.3 (25)

185.2 (100)

138.9 (75) 

92.6 (50)

46.3 (25) 


Original 10:5 10:4 10:3 

measurement compression compression compression 


1103 552 442 331 
828 414 330 248 
552 276 221 166 
276 138 111 83 
772 386 309 232 
579 290 232 174 
386 193 155 116 
193 97 78 58 
552 276 221 166 
414 207 166 125 
276 138 111 83 
138 69 '56 42 

15-meter IFOV 

10 490 245 196 147 
10 368 184 148 111 
10 245 123 98 74 
10 123 62 50 37 
7 343 172 138 103 
7 258 129 104 78 
7 172 86 69 52 
7 86 43 35 26 
5 245 123 9E 74 
5 185 93 74 56 
5 123 62 50 37 
5 62 31 25 19 
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TABLE V.- Concluded 

__  

Swath width, No. of 
km (n. mi.) channels 

- . -

Data rates, megabits/sec

1I 10:4 10:3 
­

0r i gi n a l  10:5 
measurement compression compression compressio1 

1 


20-meter IFOV 

185.2 (100) 
138.9 (75) 
92.6 (50) 
46.3 (25) 
185.2 (100) 
138.9 (75) 
92.6 (50) 
46.3 (25) 

185.2 (100) 
138.9 (75) 
92.6 (50) 
46.3 (25) 

10 
10  
10 
10  
7 
7 
7 
7 
5 
5 
5 
5 

-

277 
208 
139 
69 
194 
146 
97 
49 

139 
105 
70 
35 

-

139 
104 
70 
35 
97 
73 
49 
25 
70 
53 
35 
18 

111 
84 
56 
28 
78 
59 
39 
20 
56 
42 
28 
14 

84 
63 
42 
21 
59 
44 
30 
15 
42 
32 
21 
11 

-~ .. 

30-meter IFOV 

185.2 (100) 
138.9 (75) 
92.6 (50) 
46.3 (25) 

185.2 (100) 
138.9 (75) 
92.6 (50) 
46.3 (25) 

185.2 (100) 

10 
10 
10  
10 
7 
7 
7 
7 
5 

123 
93 
62 
31 
86 
65 
43 
22 
62 

62 
47 
31 
16 
43 
33 
22 
11 
31 

50 
38 
25 
13 
35 
26 
18 
9 
25 

37 
28 
19 
10 
26 
20 
13 
7 
19 

138.9 (75) 5 47 24 19 15 
92.6 (50) 5 31 16 13 10 
46.3 (25) 5 16 8 7 5 

-. 

E f f e c t  of Data Compression on Recording Capab i l i t y  

The d a t a  i n  t a b l e  V i n d i c a t e  t h a t  t h e  b i t  rate r educ t ion  achieved through 
s p e c t r a l  o r  s p a t i a l  compression o r  bo th  g r e a t l y  s i m p l i f i e s  t h e  data-handl ing 
problem. With 10:3 d a t a  compression, several conf igu ra t ions  of 10-meter 
m u l t i s p e c t r a l  scanners  can be  recorded onboard us ing  e x i s t i n g  tape-recording 
systems; e.g., w i t h  a d a t a  ra te  less than  166.32 megabi ts /sec.  With a 10:3 
d a t a  compressLon, a l l  conf igu ra t ions  of  15-meter s canne r s  are w i t h i n  c u r r e n t  
record ing  c a p a b i l i t y .  Table V i n d i c a t e s  t h a t  d a t a  from a l l  conf igu ra t ions  of 
t h e  30-meter scanners  may be  recorded on s ta te -of - the-ar t  r eco rde r s  wi thout  
d a t a  compression. 



I f  t h e  tape-recording c a p a b i l i t y  can b e  advanced t o  400 megabits /sec by 
1980-90, i t  w i l l  b e  p o s s i b l e  t o  record 10-meter IFOV, 10-channel, 185.2­
k i lome te r  (100 n a u t i c a l  m i l e )  swath-width scanner  d a t a  onboard t h e  s p a c e c r a f t  
w i th  10:3 compression. 

GROUND DATA HANDLING 

System f o r  Compressed Data 

The ground data-handling system f o r  a m u l t i s p e c t r a l  scanner  must be 
capable  of reading t h e  PCM-encoded f l i g h t - o r  ground-recorded t apes  and of 
p r o j e c t i n g  t h e  compressed d a t a  back t o  t h e i r  o r i g i n a l  b a s i s .  The transformed 
d a t a  must b e  recorded e i t h e r  on d i g i t a l  computer-compatible t ape  o r  on some 
high-density d i g i t a l  t a p e  f o r  f u r t h e r  ground d a t a  processing.  

Because of t h e  excess ive  volume of d a t a  from a l l  advanced m u l t i s p e c t r a l  
scanner  systems, new data-processing techniques and systems must be considered 
f o r  nationwide and worldwide surveys.  The e x i s t i n g  m u l t i s p e c t r a l  scanner  
data-analysis  techniques and systems, such as those  us ing  the  monitor program 
developed a t  t h e  Laboratory f o r  App l i ca t ions  of Remote-Sensing (LARSYSAA) 
( r e f .  4 )  and t h e  e l l i p t i c a l  t a b l e / a s s i g n  c l a s s i f i c a t i o n  program (ELLTAB) 
(ref. 5 ) ,  w i l l  s t i l l  b e  u s e f u l  for 'many s t a t e w i d e  and r e g i o n a l  surveys. 

The computer t i m e s  ( c e n t r a l  processor  u n i t  (CPU)) r equ i r ed  t o  process  
scenes from lo-,  15-, 20-, and 30-meter s canne r s  w i t h  185.2-kilometer (100 
n a u t i c a l  mi l e )  f l i g h t  segments and w i t h  swath widths  of 4 6 . 3 ,  92.6, 138.9, 
and 185.2 k i lome te r s  (25, 50, 75, and 100 n a u t i c a l  m i l e s )  are given i n  t a b l e  
V I .  For purposes of computation, i t  w a s  assumed t h a t  t h e  scanner  had 10 
channels.  The t i m e s  r e q u i r e d  t o  p rocess  t h e  d a t a  through t h e  LARSYSAA 
s p e c t r a l - p a t t e r n  r e c o g n i t i o n  program, t h e  d i g i t a l  t a b l e  look-up c l a s s i f i c a t i o n  
program, the  ELLTAB program, Univac 1108 and t h e  Environmental Research 
I n s t i t u t e  of Michigan (ERIM) m u l t i v a r i a t e  i n t e r a c t i v e  d i g i t a l  a n a l y s i s  system 
(MIDAS) (refs. 6 and 7) are given i n  t a b l e  V I .  The MIDAS is  a very h igh  speed 
m u l t i s p e c t r a l  a n a l y s i s  system, which i s  c u r r e n t l y  be ing  developed by t h e  ERIM. 
A l l  t h e  t i m e s  l i s t e d  i n  t a b l e  V I  are f o r  c l a s s i f i c a t i o n  only;  i t  is  assumed 
t h a t  a d d i t i o n a l  t i m e  i s  used f o r  t a p e  r e fo rma t t ing ,  training-sample s e l e c t i o n ,  
s p e c t r a l - s i g n a t u r e  development, output-data fo rma t t ing ,  map-base conversion, 
f i l m  recording,  t a b u l a t i o n  of a r e a s / c l a s s  of materials, etc. Most, i f  n o t  
a l l ,  of t h e  f u n c t i o n s  are r e q u i r e d  t o  produce u s a b l e  m u l t i s p e c t r a l  scanner  
d a t a  products.  

The MIDAS i s  a hardwired p a r a l l e l  p rocesso r  t h a t  is now capable  of 
processing m-bands x n-classes  where m x n = 64.  The c u r r e n t - p r o t o t y p e  MIDAS 
can b e  extended t o  p rocess  more d a t a  bands and classes of materials. 
P rocess ing  t i m e s  f o r  an  expanded system are u n a v a i l a b l e  a t  t h i s  t i m e .  

The t i m e s  g iven i n  t a b l e  V I  f o r  t h e  LARSYSAA, d i g i t a l  t a b l e  look-up, and 
ELLTAB programs are f o r  i d e n t i f i c a t i o n  of 24 c l a s s e s  of material, u s ing  as 
many as 1 0  i n p u t  d a t a  bands. The t i m e  g iven  f o r  t h e  MIDAS w a s  f o r  16 c l a s s e s  
of material and f o r  4 d a t a  bands. 
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TABLE VI.- COMPUTATION TIMES FOR 


SPECTRAL-PATTERN-RECOGNITION 


CLASSIFICATION FOR SELECTED 


SCANNER CONFIGURATIONS 


Area Univac 1108 CPU time, Sys tem time, 
covered, hr :min min :sec 

2 2 ­
km (n. mi ) LARSYSAA Digital ELLTAB MIDAS ERIM 

IFOV,  
m 


10 


10 


10 


10 


15 


15 


15 


15 


20 


20 


20 


20 


30 


30 


30 


30 


Swath width, 

km (n. mi.) 


185.2 (100) 


138.9 (75) 


92.6 (50) 


46.3 (25) 


185.2 (100) 


138.9 (75) 


92.6 (50) 


46.3 (25) 


185.2 (100) 


138.9 (75) 


92.6 (50) 


46.3 (25) 


185.2 (100) 


138.9 (75) 


92.6 (50) 


46.3 (25) 


34 299 (10 000) 


25 724 (7 500) 


17 149 (5 000) 


8 575 (2 500) 


34 299 (10 000) 


25 724 (7 500) 


17 149 (5 000) 


8 575 (2 500) 


34 299 (10 000) 


25 724 (7 500) 


17 149 (5 000) 


8 575 (2 500) 


34 299 (10 000) 


25 724 (7 500) 


17 149 (5 000) 


8 575 (2 500) 


t a b l e  
look-up 


1002:27 121:29 56:35 28 :36 

751:50 91:07 42:47 21:30 

501:14 60:45 28 :18 14:18 

250:37 30:23 14:09 7:12 

445:32 52 :48 24:57 12 :48 

334:09 39 :36 18:43 9:36 

222 :46 26:24 12 :29 6:24 

111:23 13 :12 5:15 3:12 

250 :38 29 :42 12 :24 7:12 

187:59 22 :16 in:48 5:24 

125:19 14:51 7:12 3:36 

62:40 7:26 3:42 1:48 

111:23 13 :12 6:14 3:12 

83:32 9:54 4:41 2:24 

55:42 6:36 3:07 1:36 

27 :51 3:18 1:34 :48 
~~ 

The ERIM estimates t h a t  t h e  speed of t h e  MIDAS can be improved by a f a c t o r  
of 5 by i n c r e a s i n g  t h e  e f f i c i e n c y  of i npu t /ou tpu t  devices .  The MIDAS is  a n  
expensive, h igh ly  s p e c i a l i z e d  system, b u t  i t s  p rocess ing  speed may j u s t i f y  
i t s  cos t .  
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System for Analysis of Compressed Data 


Multispectral scanner data that have been compressed as described in the 

preceding section may be decompressed in a ground data-processing system and 

transformed to the original basis. Each original data band may be recovered 

with a known statistical error. The decompressed data may be analyzed by the 

techniques cwrently used. 


It is also possible to analyze the compressed data without transforming 

them to the original basis. This analysis is possible because the supervised 

spectral-pattern-recognition analysis technique is a relative solution; e.g., 

if signatures are developed from compressed data, the unknown data points to 

be classified may be recognized in the compressed data format. If, however, 

compressed data are used for spectral-pattern-recognition analysis, a random 

sampling of the data should be decompressed to determine whether the quality 

of the original data bands is acceptable. The effect of including a noisy 

or otherwise defective data band in the compressed data set is not known. 


RECOMMENDATIONS 


Many areas requiring additional research and development have been 

identified. These areas are described in the following discussion and 

recommended in preparation for developing advanced multispectral scanner systems. 


Quantitative Band Selection Development 


A study should be initiated to develop a quantitative band .selection 
procedure. More scanner data must be obtained, and the necessary theory must 
be developed. It is probable that such a development will take 3 to 5 years. 

Tape Recorders 


Tape-recorder technology should,be advanced to accommodate approximately 
400 to 500 megabits/sec during the 1980's. Encoding techniques should be 
developed to permit-higherbit-packing densities while holding the bit error 
rate (1 bit error in 108 ) at current levels. 

Data Compression 


Scanner technology has been developed to a level exceeding current tape-

recording capabilities. Because it is not necessary to continue recording the 

data without compression, tape-recorder-development requirements can be 

relaxed somewhat as the scanner data rates continue to increase. Some research 

has been done in data compression using data from visible-data bands. 

Additional work is necessary using a mixture of data bands throughout those 

portions of the electromagnetic spectrum that are used by multispectral 

scanners. The limits of compression must be established. 
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Swath-Width Selectability 


Current scanner designs are limited to fixed swath widths. Areas of 

dynamic change are frequently much less than 185.2 kilometers (100 nautical 

miles) in width. Because advanced high-resolution multispectral scanners 

produce such great quantities of data, it may be desirable to have a choice 

of swath widths to limit data collection to only the required survey area. 

It is also conceivable that the very wide swath widths may be desirable 

because of operational considerations. 


Data-Processing/Analysis Systems 


Development of data-processing and data-analysis systems should continue. 
The main effort should be directed toward simplifying the procedure for 
converting the raw data to usable products. Advanced data-processing systems 
should have the capability of isolating and extracting specific areas from 
the original data set so that users may request desired portions of the data 
instead of receiving a 185.2-kilometer-square (100 nautical mile square) 
area. 

CONCLUSIONS 


It is likely that multispectral scanners with instantaneous fields of view 

as small as 10 meters and with 185.2-kilometer (100 nautical mile) or larger 

swath widths may be required during 1980-90. Such multispectral scanners 

produce a very high data bit rate that exceeds current tape-recording and 

data-transmission capabilities. 


The state of the art in tape-recorder technology is not likely to 

advance to the level required for direct recording of data for the worst-case 

scanner configurations; but, with data compression before recording, it is 

likely that the data can be adequately recorded. 


Considerable modification of the existing ground receiving stations is 
required (at considerable expense) before the noncompressed multispectral 
scanner data can be received. A few of the potential scanner configurations 
are compatible with the existing receiving stations (the space tracking and 
data network and the tracking a.nd data relay satellite system), if the data 
are compressed before being transmitted from the spacecraft. 
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The c u r r e n t  systems f o r  ana lyz ing  l a r g e  volumes of d a t a  are inadequate  
f o r  advanced m u l t i s p e c t r a l  scanner  systems. However, i f  d e t a i l e d  s u r f a c e  
c l a s s i f i c a t i o n s  are d e s i r e d  f o r  s u b s e t s  of t h e  d a t a ,  c u r r e n t  approaches,  
such as t h e  ELLTAB and LARSYSAA programs, are adequate.  For l a rge - sca l e  
surveys,  such as nationwide o r  worldwide l and  use mapping and updat ing,  
systems such as t h e  MIDAS w i l l  b e  r equ i r ed .  

Lyndon B. Johnson Space Center 

Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 


Houston, Texas, December 20, 1976 

177-5 2-83-00- 72 
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